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When heavy high energy heavy ions collide there is a
deceleration of the electric charges they carry and this
leads to electromagnetic radiation (bremsstrahlung).

For wavelengths of this radiation which are large
compared to the size of the region over which the ions
interact with one another, this radiation is emitted
coherently from all the individual charges and

depends only on the initial and final velocities

of the charges involved in the collision.

The coherence condition can obviously also be stated
as the period of the radiation must be longer than the
duration of the interacting phase of the collision.

For such long wavelength, coherent bremsstrahlung, the
fregquency spectrum -= / - |
/ﬁ‘w /Er

Kapusta, Phys. Rev. C, 15, 1580 (1977)

J.D. Bjorken and L. Mc:Lerran, Phys. Rev. D, 31, 63 (1985)

S. Jeon, J. Kapusta, A. Chikénian, and J. Sandweiss,
to be published in Phys. Rev. C (1998)
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Projectile couvven®

-

Jp(x,t) = voo(r.)d(z — vot)8(—t)z, (1)

and by theata.rget is:

Jr(x,t) = —voo(rL)d(z + vot)b(—1t)z, (2)

where o(r,) is the charge per unit area at a distance r, from the central beam axis. For

low frequency photons the nucleus-nucleus collision appears almost instantaneous. To the

extent that the transverse rapidities of the outgoing charged particles are small compared

to the beam rapidity one may then approximate the current after the collision as:

Te(x,t) = ao(rL)8(t) [ dyp(rs, y)u(r)(z - v(y)t). ®)

Here p represents the charge rapidity distribution and is normalized as:

/: dyp(rJ-s Y) = 2! . (4)

the 2 arising because the total charge is 2Z.
The classical amplitude to emit electromagnetic radiation in the direction n with fre-

quency w is [6]:
A(n,w) = fdtfdazn X (n x J(x,t)) elt-n=) (5)

Here J = Jp + Jr + Jp is the total current. It is convenient to take n = (sind,0, cos §).

o . 2v2cosd ]
dz , —izwsin § ‘U(}’)p(?‘_, Y) _ 0
dyo(r.)e [f dyl —v(y)cosd 1—vicos?f

cFN_cz ?

(6)

We cannot go further without some knowledge of the distribution p(ry,y).

In Fig. 1 we plot the quantity p(r.,y) as comput.ed in LEXUS (7] for central Au+Au
collisions at 100 GeV per nucleon in the cm frame. LEXUS is a linear extrapolation of
nucleon-nucleon scéttering to nucleus-nucleus collisions. It is based on sequential nucleon-
nucleon scatterings, as in free space, with energy loss taken into account. For »;, = 0

this distribution has a broad maximum at y = 0, whereas for »; ~ R, the nuclear radius,

3



Thus all that matters, for these “soft” photons are the initial and final rapidities
of the electric charges. The radiation is the coherent sum from all the sources. It
is thus the net final charge rapidity spectrum that determines the bremsstrahlung.
Negative and positive produced particles are all coherently summed.

It is also advantageous to have a simple analytic model with a variable charge
rapidity distribution. To this end suppose that p(r.,y) is independent of 7, . Then

d*N aZ?

_ : 2 PNE
TodQ = 12y Sin 0 |F(wsin 6)]

[ f - _”(.Y)P(Y) 2v3 cos § ”

v(y)cosd 1 — v2cos?d

where F is a nuclear form factor:

Fa L [dniye (T st ®

A solid sphere approximation should be adequate for large nuclei, in which case

Flo) = 5 (B2 - conq) @

q

where ¢ = wRsinf and R is the nuclear radius. Actually, for. the range of angles
and frequencies of interest to us, the nuclecar form factor is practically equal to one.

Given that the form factor is essentially unity, we note the important result that
‘pN factors into an energy dependent part and an angle dependent part. The
ra.plchty dependence can be determined from the angular distribution over any part
of the energy spectrum.

In addition we have an important check on the validity of the measurement (and the
assumption of coherence) by verifying that the shape of the bremsstrahlung energy
spectrum is independent of the angle at which the bremsstrahlung is observed.

A simple illustrative case is that of a flat rapidity distributiom for which the 1ntegral
over rapidity can easily be performed.

8(yo — y)8(yo + ¥)

p(y) = v (10)
Then the photon distribution is:
dzN azz -] . 2
o0 = g e 6 |F(wRsin 8)| |
< 2 1 (1 + vg cos 6\ 2icosd 1° (1)

sin?8  yosinif \l-vocosej 1 — vicos?d|

5



Co herenece lon ditiong

Ffor BREMS

/ 4
/g_c:fﬁfj—— _..-—-"""'LH—_H: f ¢,"1
...—--""""T- ______._._—-""_'-—-
—— 0'7_-—""""" 7
£ S —— — 9
=
lasE

all ch avg es moyve +o thejracceleratto w

peoints (it Vs, T A& R 4 tae
(a5

hn ax .fe,oa.rc.'!' O n betTweceuwn acteleva o um
,oa:‘h‘i"f , d%z max - occurs /ar (ase
/ L)
C/V'au,us e t T4 C&uu.x’-‘f"a'ﬂ. Fiumes 'L, "'t-l__ .
£V e e los € = ) A? = w R
_ c
~or C(olherewnce .
o < /
w R < |
[ a8
* ~. &
£ < Y ov £ < _’Z’——-
/e Cell.

F-ar t= se° !"’e/,u.‘/c_, .fkc C(f\ooS-C.

€ = 3s Mev Enig ™ 2 MeV
e Ffor B L& m eners e Lelocw Y #rev,
. . N
att o {'\aa-j-,& acce leggtions add C'n-‘w’r‘(n-f'/r 7e £33

[

4
AOrOMﬁ'TtULLY a-fwok-ﬁ "ér Afé: p n} Y 'p} t'f‘c. -



pLy)

0.4

Q.9

Q.8

0.7

0.6

Q.5

IIII[lllllllIIIIIllllilllIllllllilillllilllllllll
.

‘Figure 1: The final charge rapidity distribution (normalized to 2 as explained in the

tesxt) for three different models of the chrge stopping. The curve « represents “full
stopping”, 8 “50% stovping”, and ¥ “near transparency”. Only the positive ra. ‘d-
ity part of the distributions are shown. The full, symmetrical about midrapidity,
distributions were used ir the calculations. '
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Figure 2: The number of bremsstrahlung photons with energies between 10 keV
and 3 MeV, per steradian in the laboratory system,.for the three different stopping
models «, 3, and « of figure 1.
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Measurement of Bremsstrahlung and Charge
topping in Central RHIC Collisions
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Figure 7: “Beam’s eye” view of 2 Ge detector and scintillation veto counter.
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Figure 8: Cross section view of the detector assembly, showing the dimensions of
the materials surrounding and near the detector. '
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Plan of the Bremsstrahlung Experiment

The “name” of the game 1s the
experimental measurement

of the background in a manner that 1s
adequately

insensitive to the spectrum of particles
(unknown at the time of the experiment)
that RHIC collisions produce.

Basic Scheme :

0 N, central events with no plug.
The Ge detector (with veto) measures the
bremsstrahlung +the background

0 Ny, central events with plug set 1.
Since the brem signal is highly attenuated,
this run measures mainly background

0  N;, central events with plug set 2.
This run is used to lessen the sensitivity of
the background measurement to the
(unknown) RHIC spectrum.
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